In the present study we have analyzed the role of SMAD family member 1 protein (SMAD1) gene products in relation to bone morphogenesis and osteoporosis. Out of 1045 single nucleotide polymorphisms (SNP) investigated, we find that one nonsynonymous SNP (nsSNP), rs1804647, to have significant damaging effects as predicted by all the tools used in the analysis. This nsSNP resulted in a change of amino acid from a positive charged residue, Lysine, to a strong negatively charged residue, Glutamate, and hence the change of residue with opposite charges might lead to structural defects and result in altered function. The results presented in this report will be a good starting point for genetic analysis of SMAD1 genes in patients with osteoporosis which might lead to more conclusive evidence of the association of this gene with osteoporosis.
Introduction
Osteoporosis is a disease associated with progressive deterioration of bone which results in fragility fractures that occur with very little trauma. 1, 2 It is a common disease that affects millions of people worldwide. It is estimated that over 200 million people have osteoporosis. 3 Genetic factors play a major role in the determination of bone mineral density (BMD) and osteoporosis risk. 4 Multiple chromosomal loci have been mapped by linkage approaches which potentially carry hundreds of genes involved in the determination of bone mass and quality. Association studies based on candidate gene polymorphisms and subsequent meta-analyses, and the more recent genome-wide association studies, have clearly identified a handful of genes associated with BMD and/or fragility fractures. 4 Molecular genetic studies have implicated the association of single nucleotide polymorphisms (SNP) with osteoporosis. 5 It is anticipated that both the diagnosis and the treatment of this disease will be revolutionized by the integration of genomics and informatics. 2 Also, it is predicted that a genetic algorithm will be developed to identify at-risk patients before they develop osteoporosis, so that preventive measures can be instituted.
The role of SMA-and MAD-related (SMAD) protein in bone morphogenesis is documented by researchers. 7, 9 Even though there is a lot of information on the clinical impact, diagnosis and treatment of osteoporosis, there are not many reports on the systematic analysis of SMAD1 genes in relation to osteoporosis. This report systematically analyzes the SMAD1 gene and its possible implications on osteoporosis using bioinformatics tools. Our results from the present study might be useful for further investigations on the human genetics of osteoporosis.
Materials and methods

Data set
The SNPs associated with SMAD1 gene were obtained from the single nucleotide polymorphism database (dbSNP) 10 which is a public-domain archive established by NCBI, having broad collection of SNPs of any gene of an organism serving as a public repository for genetic variation.
There are 1045 SNPs associated with SMAD1, these are commonly referred to by their reference sequence IDs (rsID), and they are listed in Table 1 .
Predicting damaging nssnPs using siFT
We used the program Sorting Intolerant from Tolerant (SIFT) designed by Ng and Henikoff to identify the damaging non-synonymous SNP's (nsSNP) in the data set. 11, 12 SIFT predicts whether an amino acid substitution affects protein function and it distinguishes between functionally neutral and deleterious amino acid changes in mutagenesis studies and on human polymorphisms. SIFT also searches for similar protein sequences from different species in the database, obtains the multiple alignments of these sequences, and then calculates from the alignment the tolerance index (from 0 to 1) for all possible substitutions at each position. The higher a tolerance index, the less functional impact a particular amino acid substitution is likely to have. [11] [12] [13] structural alteration by nssnPs using PolyPhen
The structural alteration as a result of nsSNP was determined using the program Polymorphism Phenotyping (PolyPhen). [14] [15] [16] PolyPhen assesses the possible damaging effect of amino acid substitution, based on whether the substitution was (i) in an active or binding site; (ii) affecting interactions with ligands present in the experimentally resolved structure;
(iii) leading to hydrophobicity or electrostatic charge change in a buried site; (iv) destroying a S-S bond; (v) affecting protein's solubility; (vi) inserting proline (P) in an α-helix or (vii) incompatible with the profile of amino acid substitutions observed at that site in the set of homologous proteins.
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Functional analysis and selection for nssnPs using FAsTsnP
We used the functional analysis and selection tool for single nucleotide polymorphisms (FASTSNP) web server that allows users to efficiently identify the SNPs that will most likely have functional effects. It prioritizes SNPs according to 13 phenotypic risks and putative functional effects, such as changes to the transcriptional level, pre-mRNA splicing, and protein structure.
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The functional report on a SNP contains seven sections on the SNP's functional effects, namely:
(i) genomic information, presents the nearby sequence, the alleles and the allele frequency among different ethnic groups; (ii) functional effects summary, presents the risk assessment; (iii) transcription regulatory, shows the predicted transcription factor binding sites generated or disrupted by the different SNP alleles; (iv) alternative splicing regulatory, reports exonic splicing enhancer/silencer motifs changed by the SNP alleles leading to exon skipping or inclusion; (v) mRNA/protein domain effects, presents all spliced forms of mRNAs and protein variants extracted from GenBank. 18 The protein domains that the SNP locates in are highlighted; (vi) protein structure effects, reports whether the SNP may cause a significant structural change in a protein; and (vii) SwissProt 19 feature table, provides information regarding other known mutations or variations of the translated protein of mRNAs related to the SNP. 17 Some of these sections were specific to coding or noncoding SNPs and they will appear or not appear in the functional report accordingly. 17 gene information for nssnPs from ensembl
We found the gene related information for the nsSNPs from the Ensembl database. [20] [21] [22] The Ensembl database consists of comprehensive genome information system that features 
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an integrated set of genome annotation, databases and other information for chordate and selected model organism and disease vector genomes. [20] [21] [22] The Ensembl genome browser provides visualization for genome annotations, alignments, variation and functional genomics data and supporting additional data integration.
Ensembl gene sets are created using an automated analysis pipeline that has been significantly optimized based on the completeness of the genome sequence.
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Functional significance of nsSNPs by UTr scan
The untranslated regions (UTR) functional significance of each SNP was determined using UTResource, an internet based UTR analyzing tool, consisting of a resource of sequence analysis of 5' and 3' UTR of eukaryotic mRNAs (http://www.ba.itb.cnr.it/BIG/UTRScan). Briefly, two or three sequences of each UTR SNP which have different nucleotide at SNP position were analyzed by UTRscan which looks for UTR functional elements by searching through user submitted sequence data for the patterns defined in the UTRsite collection.
The collection of functional sequence patterns located in 5' or 3' UTR sequences were stored in UTRsite. If different sequences of each UTR SNP were found to have different functional pattern(s), that UTR SNP is predicted to have functional significance. 13 
Modeling wild and mutant protein structures
We utilized the SWISS-MODEL [23] [24] [25] workspace, a web-based integrated service dedicated to protein structure homology 
3-D viewing and rMsD calculations
The Swiss PDB viewer (Deep View) version 4.01 was used for viewing the modeled structures and for calculation of the root mean square deviation (RMSD) between the native and mutant structures. 26 DeepView is an application that provides a user friendly interface to analyze several proteins at the same time. The proteins can be superimposed in order to deduce structural alignments and compare their active sites or any other relevant parts. Amino acid mutations, hydrogen bonds, angles and distances between atoms can be obtained using Deep View.
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Results and Discussion
We used the SIFT tool to predict whether an amino acid substitution at a particular position in a protein molecule will have a phenotypic effect. We find that of 1045 rs IDs associated with SMAD1 gene, only two, rs1804647 and rs17159287, are non-synonymous.
SIFT gives the results of these nsSNPs with their amino acid change and the tolerance index score which predicts the functional impact of the protein of these SNPs. The lesser the score, the more functional impact, ie, the corresponding SNP is predicted to be damaging. Of these two SNPs, rs1804647 is predicted to be damaging with a tolerance index score of 0.01. (Score of #0.05 is the cut-off to identify damaging SNPs) [11] [12] [13] as shown in Table 2 . The nucleotide change is in the 510 position where AAA is replaced with GAA ie, Adenine to Guanine resulting in the substitution of amino acid Lysine to Glutamate. (The base represented in bold caption is the nsSNP). We employed the PolyPhen based methodology [14] [15] [16] to compute the position-specific independent counts (PSIC) score difference of the two identified nsSNPs (rs1804647 and rs17159287) to assess the functional impact of the amino acid substitution predicted by SIFT. To evaluate the ability of the PolyPhen method to distinguish between damaging and neutral amino acid types; we applied it to the data on known deleterious mutations and to the data on species divergence. 15 The deleterious data set consists of natural replacements known to cause disease phenotypes, variants observed in individuals affected by genetic disorders and artificial replacements known to damage structure, function and the stability of a protein. 15 Score of $1.5 is the cut-off to identify damaging SNPs by Polyphen. SNP with PSIC score difference of higher value is predicted to be damaging. We found that of the two nsSNPs, rs1804647 is predicted to be damaging with a PSIC score difference of 1.852, as depicted in Table 3 .
FASTSNP was employed to efficiently identify and prioritize high risk nsSNPs according to their phenotypic risks and putative functional effects. 17 FASTSNP rates the phenotypic deleterious risks from 0 to 5 point scale; 0 representing no known effect and 5 indicating very high damaging effect, while a score of 3-4 indicates moderate to high damaging effect. 17 We found rs17159287 to have low to medium level of risk, whereas rs1804647 was identified to have significantly damaging effect with a score in the range of 3-4; as shown in Table 4 . This may be due to splicing regulation functional effect by possibly breaking the exonic splicing enhancer/silencer binding site in the coding sequence leading to abolished protein domain. 17 Gene related information the non-synonymous SNPs associated with SMAD1, with their corresponding change in alleles and amino acids were obtained from Ensembl database and we found three of the 1045 associated with SAMD1 listed as nsSNPs. These are: rs1804647, rs61748163; and rs62343507, depicted in Table 5 . 
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Influence of SMAD1 gene in osteoporosis
There is a significant correlation between all the SNP tools with respect to rs1804647 and hence this SNP might be expected to have high deleterious impact on the function of the bone morphogenesis process. The other two SNPs (rs61748163 and rs62343507) did not show any result with other tools used and hence, we did not consider them for our study.
To determine the functional significance of the nsSNP rs1804647, we used UTRScan and found a change in a pattern in 3' UTR region. Polymorphism in the 3' UTR region may affect gene expression by affecting RNA half-life or influencing ribosomal translation of mRNA.
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The functional element change related to this nsSNP was found to be 15-lipoxygenase differentiation control element (15-LOX-DICE). 15-LOX-DICE controls 15-LOX synthesis which catalyses the degradation of lipids and is an important factor responsible for the degradation of mitochondria during reticulocyte maturation. 13 The mutation Lysine→Glutamate is observed in the protein due to nucleotide change in the coding sequence of the SNP in 510 position where AAA is replaced with GAA. From this we infer that the nsSNP, rs1804647 is significantly damaging which might result in osteoporosis.
The nsSNP, rs17159287 has tolerance index score of 0.59 with SIFT, a PSIC score difference of 0.298 with PolyPhen, a relatively low risk score of 2-3 with FASTSNP and was not listed in Ensembl database. Hence we did not consider this nsSNP to be significantly damaging.
SNP rs61748163 has amino acid change from Serine to Asparagine, both are of same properties and showed no change in structure when native and mutant proteins were modeled. SNP, rs62343507 has amino acid change from Tryptophan to Arginine, also showed no change in structure when native and mutant proteins were modeled. Hence, we did not consider these nsSNPs (rs61748163 and rs62343507) listed in Ensembl to be significantly damaging and they did not show any results with other bioinformatics tools.
To assess the 3-D structural change brought about by the nsSNP rs1804647, we performed structural analysis comparing the native and mutant protein structures. The native structure for protein Q15797 and mutant structure for nsSNP rs1804647 were modeled using SWISS-MODEL. To analyze their structural differences, superimposition of both the structures was done using the SWISS PDB Viewer tool and we found an RMSD of 2.95 Å between the native and mutant protein structures as shown in Figure1. This nsSNP also showed a high PSIC score difference of 1.852. Hence, there might be a considerable change in the structure because of this nsSNP. Even though, there is only one amino acid change, the change in amino acid is of the different type. Here the amino acid Lysine is a cationic residue in the native protein and the substituted residue in the mutant protein molecule is Glutamate which is an anionic residue. Due to the complete change in charges brought about by this mutation, there seems to be a considerable change in structure.
The function of a protein is dependent on its 3-D structure and shape which is determined by its primary structure or sequence of amino acids. Since there is a change in amino acid sequence due to the single nucleotide polymorphism, non functional protein may be produced which will lead to altered overall function and hence this particular nsSNP may be responsible for a defective bone morphogenic protein and result in osteoporosis.
Results obtained from this in-silico study open new prospects for understanding osteoporosis and its consequences. These results, if correlated with clinical data, will be very useful in understanding the genetics of osteoporosis.
The methodology used to examine the effects of SNPs using a succession of tools could be structured and proposed as a standard screening process for SNPs' effects assessment on genes.
Conclusion
The nsSNP rs1804647 is predicted to be damaging by SIFT, PolyPhen, FASTSNP and listed as deleterious in Ensembl database. The change of nucleotide in 510th position from A to G (AAA→GAA) results in the amino acid change from Lysine to Glutamate. Since the change of amino acid residues is of opposite charge it may lead to conformational change of the three dimensional structure of the protein and hence result in altered function.
This observation can be considered as a good beginning for further investigations to study the genetic mechanisms behind osteoporosis, and when considered along with different clinical patterns of osteoporosis will result in more definitive evidence for the genetic origin of osteoporosis.
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